Subtyping depression is important in order to further delineate biological causes of depressive syndromes. The aim of this study was to evaluate clinical and outcome characteristics of distinct subtypes of depression and to assess proportion and features of patients fulfilling criteria for more than one subtype. Melancholic, atypical and anxious subtypes of depression were assessed in a naturalistic sample of 833 inpatients using DSM-IV specifiers based on operationalized criteria. Baseline characteristics and outcome criteria at discharge were compared between distinct subtypes and their overlap. A substantial proportion of patients (16%) were classified with more than one subtype of depression, 28%
| INTRODUCTION
The classification of major depressive disorder (MDD) into depressive subtypes is important to further identify the biological basis of depressive syndromes and to predict outcome given the heterogeneity of depressive disorders (Prins, Olivier, & Korte, 2011) . Several subtypes and models to classify depressive syndromes have been suggested including DSM-IV and DSM-5 specifiers of melancholic and atypical subtype and the recently more often studied subtype of anxious depression (Fava et al., 2004; Fava et al., 2008) . The specifier "with anxious distress" has now been included as a new specifier in DSM-5 [American Psychiatric Association (APA), 2013b].
Studies focussing on clinical or biological characteristics of subtypes of depression most often compared one subtype of depression with patients not exhibiting this subtype (Bandelow et al., 2014; Baune et al., 2008; Harkness & Monroe, 2006; Kaestner et al., 2005; Liu et al., 2016; Monzon et al., 2010; Papakostas, Fan, & Tedeschini, 2012; Paslakis et al., 2011; Pizzagalli et al., 2004; Quinn, Rennie, Harris, & Kemp, 2014; Seppala et al., 2012; Zaninotto et al., 2016) . However, such approaches do not account for the underlying heterogeneity, since other subtypes were disregarded in dichotomous approaches.
This might be one of the reasons why results on specific biological alterations in subtypes of MDD, mainly melancholic and atypical depression, including e.g. activation state of hypothalamus-pituitary-adrenal (HPA) axis, rapid eye movement (REM) sleep latency, alterations in immune functions (for review see Antonijevic, 2006; Gold & Chrousos, 1999 Gold, Licinio, Wong, & Chrousos, 1995; Leventhal & Rehm, 2005; Stetler & Miller, 2011; Stewart, McGrath, Quitkin, & Klein, 2009) or differential involvement of prefrontal cortex (PFC) (Gold & Chrousos, 2002) are still contradictory to date. Furthermore, some studies found only marginal clinical differences in e.g. illness course of subtypes and low subtype stability across episodes (Melartin et al., 2004) or in poor outcome prediction in regard to treatment strategies (Uher et al., 2011) . Due to these inconsistent results there is still a lot of controversy about the construct validity of subtypes of depression (Thase, 2009) . Therefore, DSM-5 criteria subtype classification of MDD still relies on mere clinical characteristics not taking biological aspects into account, and ICD-11 criteria will most likely do so accordingly [APA, 2013b; World Health Organization (WHO), 2011] . In the beginning of the development process for DSM-5, results of neuroscientific and genetic studies should have been taken into account, yet no genetic or other biological finding was established as a diagnostic criterion in MDD (APA, 2013a). Still, new specifiers ("with mixed features" and "with anxious distress") were included (APA, 2013b). The beta draft of the ICD-11 reveals MDDs with several symptom specifiers ("with psychotic symptoms", "with prominent anxiety symptoms", "with melancholia"), yet with no biological components (WHO, 2016) .
Reasons for divergent results are numerous and apart from applied definitions for subtypes (categorical versus dimensional approach) further include the populations under study (e.g. inpatients versus outpatients, study populations versus naturalistic samples) or used comparison groups (Parker, 2000; Rasmussen, 2007) . Bearing in mind that operationalized criteria sets allow combinations of symptom patterns that fulfil criteria for more than one subtype, a closer look at overlapping groups might teach us more on the nature of the subtypes. So before trying to further delineate biological causes of subtypes of depression it is of importance to examine most common subtypes at the same time in naturalistic patients in order to determine the potential overlap of melancholic, atypical and anxious subtypes of depression, because this overlap hampers conclusive research in respect to determination of biological causes (Parker et al., 1995; Rasmussen, 2007) . In a recent analysis of the same patient sample, latent class analysis (LCA) based on the Hamilton Depression Rating Scale (HAMD) was used to identify categories of symptom profiles, and their outcome was further elucidated using linear mixed effects (LME) model (Buhler, Seemuller, & Lage, 2014) . A solution with five classes named "suicide", "melancholic", "psychovegetative", "dismayed" and "anxious" was obtained and these classes separated in time to remission in LME (Buhler et al., 2014) . In the analysis at hand we used operationalized criteria using HAMD and AMDP (Association for Methodology and Documentation in Psychiatry) items to be able to adhere to DSM-IV criteria of depression subtypes as closely as possible. We investigated clinical and diverse outcome parameters of patients fulfilling criteria for one or more than one subtype of depression in a large naturalistic sample of inpatients with MDD.
| AIMS OF THE STUDY
1. Characterizing distinct subtypes and their overlap using operationalized criteria.
2. Reflecting a potential assignment of patients fulfilling criteria for more than one subtype (overlap groups) to one of the distinct subtypes. 
| Sample description and rating scales
Details and results of the acute inpatient phase for the whole patient sample were presented at length elsewhere (Seemuller et al., 2010) .
Briefly, inclusion criteria comprised age between 18 and 65, signed written informed consent and ICD-10 diagnostic criteria for any major depressive episode F32, F33, F34, F38) or for a depressive disorder not otherwise specified (ICD-10: F39). Exclusion criteria were organic causes of depression, insufficient knowledge of German language and long distance from home to study centre. Diagnosis of a depressive spectrum disorder and any relevant axis I or axis II comorbidities according to DSM-IV were confirmed using the Structured Clinical Interview for DSM-IV (SCID-I and SCID-II) (Wittchen, Wunderlich, Gruschwitz, & Zaudig, 1997) at baseline. The scale of clinical and socio-demographic variables in psychiatry (BADO) (Cording, Gaebel, & Spengler, 1995) was used to record socio-demographic and clinical variables. Psychopathological symptoms were assessed using the HAMD-21 scale (Hamilton, 1967) , and the 140-item AMDP scale (Pietzcker & Gebhardt, 1983) . To assess outcome the Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery & Asberg, 1979) , the Global Assessment of Functioning (GAF) scale (APA, 2000b) , the Social and Occupational Functioning Assessment Scale (SOFAS) (APA, 2000b) and the NEO-Five Factor Inventory (NEO-FFI) (Costa & McCrae, 1988) were administered. Ratings were assessed at baseline and every other week until discharge. All raters were experienced psychiatrists and received a standardized training for all scales prior to the study.
The protocol was approved by the respective local Ethics Committee of each participating site and followed the Declaration of Helsinki and subsequent revisions. All patients gave their written informed consent prior to inclusion into the study.
| Treatment
Patients of this naturalistic study were treated at the discretion of the 
| Definition of subtypes
Melancholic subtype of depression was defined according to DSM-IV (APA, 2000b) specifier criteria using HAMD items. Used items to operationalize DSM-IV criterion A (loss of pleasure in all, or almost all, activities and lack of reactivity to pleasurable stimuli -HAMD items 1 or 7 had to be scored greater than 2) and criterion B (three or more of the following: distinct quality of depressed mood, depression regularly worse in the morning, early morning awakening, marked psychomotor retardation or agitation, significant anorexia or weight loss, or excessive or inappropriate guilt -at least three of the remaining HAMD criteria had to be fulfilled) are depicted later.
Atypical depression, defined in DSM-IV by (A) mood reactivity and (B) two or more of the following: significant weight gain or increase in appetite, hypersomnia, leaden paralyses and interpersonal rejection sensitivity (APA, 2000b) was operationalized using the AMDP scale as in a previous publication (Seemuller et al., 2008) . Anxious subtype was defined as HAMD-17 anxiety/somatization subscale of ≥7 (Fava et al., 2000; Fava et al., 2004; Fava et al., 2008) .
Patients with distinct subtypes were defined as patients conforming to only one subtype of depression; patients meeting more than one subtype definition were subsumed in the corresponding overlap group. Patients not fulfilling any of the three subtype definitions were termed "unspecific".
| Definition of outcome criteria
As some items of the HAMD scale were used to classify subtypes of depression, all depression-specific symptomatic outcomes relied on the MADRS: remission was defined as MADRS total score ≤ 10 and response as 50% baseline reduction of the MADRS total score at discharge. In addition to these binary criteria, the relative change of the MADRS total score from admission to discharge was calculated.
Values ≤ ˗50% correspond to the response criterion. A reduction of ≥20% of the MADRS score two weeks after admission was defined as early improvement (Henkel et al., 2009) . Further outcome criteria were the GAF and SOFAS at discharge and a treatment resistance index according to the "Maudsley Staging" method (Fekadu, Wooderson, Markopoulou, & Cleare, 2009) . We also analysed NEO-FFI subscores at discharge. Proportional subtype allocation is illustrated using a Venn diagram (Wilkinson, 2012) .
| Statistical analyses
Baseline characteristics and outcome criteria were compared between distinct subtypes of depression using omnibus tests and pairwise post-tests. Associations between subtypes and categorical variables were assessed using Cochran-Mantel-Haenszel tests with stratification by centre. For all other variables, mixed regression models were estimated using centre as a random effect, where the fixed effect of the subtype was assessed with a Wald test. We used 16 (27%) 12 (29%) 105 (29%) University-entrance diploma 264 (33%)
(35%)
20 (33%) 11 (26%) 119 (33%) [missing]
[25]
[11]
[1]
[7]
Vocational qualification 56 (25%) 8 (13%) 7 (16%) 65 (18%) [missing]
[8]
[0]
Job situation Employed (broadly defined)
(70%)
148 (66%) 44 (77%) 31 (76%) 258 ( 9 (16%) 7 (17%) 44 (12%) [missing]
[36]
[4]
[2]
[13]
Family history of psychiatric diseases
Yes [missing] 423 (51%) [9] 115 (50%) [4] 29 ( Poisson or negative binomial models for count variables, logistic models for binary outcome criteria, and Gaussian models for other variables (with square root transformation, if appropriate). Models of outcome criteria were additionally adjusted for baseline values. The p-values of post-tests were adjusted for multiple comparisons using Holm's (1979) method.
Patients with an overlap of two subtypes were compared with those patients showing only one of the distinct subtypes assessing all variables with significant differences between the distinct subtypes.
Concerning patients fulfilling criteria for both melancholic and atypical subtype, we compared the overlap group regardless of presence or absence of criteria for anxious subtype. We further compared means of the anxiety/somatization score in all patients fulfilling criteria for anxious depression with respect to the other subtypes using mixed regression models as mentioned earlier.
The treatment resistance index was calculated on the basis of the "Maudsley Staging" method (Fekadu et al., 2009) Absolute numbers and percentages of depression subtypes are highlighted in Figure 1 . The majority of patients were assigned to at least one of the subtypes (56%); 44% had no assignment (unspecific), 43% were of the anxious, 16% of the atypical and 15% of the melancholic subtype; 16% were classified with more than one subtype of depression. Anxious depression was also the most frequent distinct subtype. Pairwise comparisons were adjusted for multiple testing according to Holm's method. c Psychotic depression was defined according to ICD-10 in the case of fulfilling criteria for bipolar affective disorder, current episode severe depression with psychotic symptoms (F31.5), severe depressive episode with psychotic symptoms (F32.3) or recurrent depressive disorder, current episode severe with psychotic symptoms (F33.3).
d
Suicidality was defined according to BADO items in the case of suicidality as reason for admission or suicidality or suicide attempt prior to admission.
e Comorbid F1 covers all mental and behavioural disorders due to psychoactive substance use (ICD-10: F10.x-F19.x) and comorbid F4 refers to the ICD-10 chapter of neurotic, stress-related and somatoform disorders. The treatment resistance index was calculated based on the "Maudsley Staging" method with some modifications due to missing data as described in the main text.
TABLE 3
Comparisons of patients with distinct depressive subtypes and patients with an overlap summerized for all groups. Only significant differences of baseline and outcome variables of distinct subgroups were compared to corresponding overlap groups [missing]
[5]
Diagnostic type Wald tests for the subtype in mixed regression models with centre as a random effect as in Table 2 , here p-values are not adjusted for multiple testing.
Demographic and clinical characteristics for the whole sample, the distinct subtypes and unspecific subgroup are shown in Table 1 .
Overall, the majority of patients (80%) were treated in university hospitals. These patients were significantly more often diagnosed with a personality disorder (p = 0.0009) and had significantly longer index episodes (p = 0.048) compared to patients treated in district hospitals.
Subtypes were unevenly distributed across the centres. To account for these centre-effects we included centre as random-effect in all subsequent analyses. 
| Outcome at discharge
Patients with distinct melancholic depression were significantly more often early improvers compared to the distinct anxious subtype (p = 0.022). NEO-FFI conscientious subscore was significantly higher in patients with distinct melancholic subtype compared with the distinct anxious subtype (p = 0.01). All other outcome criteria did not differ between the groups (see Table 2 ).
| Patients with subtype overlap
As was already shown in Figure 1 , a substantial number of patients were assigned to more than one subtype of depression. Comparisons of patients with an overlap of subtypes with those patients exhibiting only one of these subtypes are shown in Table 3 .
The anxious-melancholic overlap group had significantly longer duration of current episode (p = 0.038) and lower proportion of patients with early improvement (p = 0.012) compared to patients with distinct melancholic subtype, but not compared to the distinct anxious subtype. The mean MADRS score was significantly higher in the overlap group compared to both distinct groups (versus distinct anxious p < 0.0001; versus distinct melancholic p = 0.021). The NEO-FFI conscientious subscore at discharge of the overlap group was between the two distinct subgroups and did not differ significantly.
The anxious-atypical overlap group resembled the distinct atypical subtype in terms of distribution of ICD-10 diagnostic type of depression (but differed from the distinct anxious group, p = 0.022), but mean MADRS scores at baseline were similar to the distinct anxious subtype (and different from the atypical group, p = 0.0002) (see Table 3 ).
Patients with an overlap of melancholic and atypical criteria had significantly higher MADRS scores at admission compared with both distinct subgroups (versus melancholic p = 0.026; versus atypical p < 0.0001) (see Table 3 ). The overlap group was between the two distinct subgroups in terms of duration of current episode (distinct melancholic versus melancholic-atypical p = 0.015; distinct atypical versus melancholic-atypical p = 0.018).
The frequency of covered items to fulfill criteria for either subtype is shown in Figure 2 .
Means of the anxiety/somatization scores increased from patients with distinct anxious subtype to the overlap groups resulting in overall significant differences (Wald-test for group comparisons in a mixed regression model using centre as random effect: p = 0.031). Yet post hoc t-tests were not significant with adjustment for multiple testing (anxiety/somatization subscore (mean ± SD): all patients with anxious depression: 8.8 ± 1.67; distinct anxious: 8.6 ± 1.51; anxious-atypical:
8.6 ± 1.65; anxious-melancholic 9.2 ± 2.05; anxious-melancholic-atypical: 9.6 ± 2.03).
| DISCUSSION
The major finding of our post hoc analysis is on the one hand the fact that the investigated subtypes of depression differed only in four out of 25 studied baseline characteristics and in two out of 10 studied outcome criteria, and on the other hand that a considerable number of patients fulfil criteria for more than one subtype of MDD. The proportions of overlap were in similar magnitude to the results of the
STAR*D (Sequenced Treatment Alternatives to Relieve Depression) and iSPOT-D (International Study to Predict Optimized Treatment -
Depression) samples using a similar approach (Arnow et al., 2015) . In both trials, fewer patients were assigned to no specific subtype (iSPOT 25% and STAR*D 33%); accordingly, more patients were classified to a distinct subtype or one of the overlap groups. The STAR*D sample subtype distribution clearly had the same emphasis on the anxious subtype and smaller proportions of overlap groups, just as our sample (distinct anxious 28%, distinct melancholic 6%, distinct atypical 7%, melancholic-anxious 14%, melancholic-atypical 1%, anxious-atypical 8% and all three subtypes 3%) -whereas the iSPOT sample differed substantially with greater overlap groups (distinct anxious 13%, distinct melancholic 11%, distinct atypical 15%, melancholic-anxious 5%, melancholic-atypical 7%, anxious-atypical 13% and all three subtypes 11%) (Arnow et al., 2015) .
The prevalence of depression subtypes varies depending on applied definition, patient care setting and population under study.
Our findings are in a comparable magnitude with previous results investigating all three subtypes (Arnow et al., 2015; Uher et al., 2011) . Prevalence rates of anxious depression are in very good accordance with the results of others (Fava et al., 2004; Fava et al., 2006; Wiethoff et al., 2010) .
Before discussing the clinical characteristics of patients with subtype overlap we want to put the findings of the distinct subtypes into perspective with results of the literature as our approach of studying distinct subtypes differs from previous studies.
| Clinical characteristics of distinct depression subtypes

| Distinct melancholic subtype
In agreement with our results most reports of the literature found significantly higher baseline severity in melancholic subtype compared to non-melancholic patients (Kaestner et al., 2005; Khan et al., 2006; McGrath et al., 2008; Uher et al., 2011; Whiffen, Parker, Wilhelm, Mitchell, & Malhi, 2003) , but not all (Fink et al., 2007; Rothermundt et al., 2001) . Indeed, some authors suggested severity of depression as the only prerequisite of melancholic depression hypothesizing a threshold-model (Kendler, 1997; Schotte, Maes, Cluydts, & Cosyns, 1997) , while others highlighted psychomotor disturbances as the most important and distinct core feature (Parker et al., 1995; Parker et al., 2000) . Using an LCA approach in the same patient sample Buhler et al. (2014) found higher HAMD-17 baseline scores in patients who were characterized by anxious features compared to patients who displayed melancholic features.
Duration of current episode was further significantly shorter in patients with distinct melancholic depression compared to all other subtypes, which is in line with the findings of the large sample of the STAR*D trial (Khan et al., 2006) .
With regard to outcome parameters, the more favourable aspects of patients with melancholic subtype being significantly more often early improvers (91%) and having highest GAF and SOFAS scores at discharge, the latter two though not being significantly different, could be due to the naturalistic treatment setting being poorly comparable with study populations showing e.g. worse treatment outcome in melancholic patients compared to all non-melancholic patients in the case of treatment with SSRIs (McGrath et al., 2008; Uher et al., 2011) .
Interestingly, NEO-FFI conscientious scores were highest in patients with distinct melancholic subtype at discharge, and differences were significant compared to the distinct anxious subtype.
This might be considered in accordance with results of other studies finding association of Tellenbach's typus melancholicus featuring perfectionism in patients with melancholic depression at the nadir of their episode (Furukawa et al., 1998; Rubino, Zanasi, Robone, & Siracusano, 2009 ).
Within the melancholic subtype male gender was more often represented compared to the other subtypes, which would be in accordance with previous results, yet our findings were not significant (Hildebrandt, Stage, & Kragh-Soerensen, 2003 ).
Other interesting non-significant results are the low rates of positive family history in patients with distinct melancholic subtype, challenging the hypothesized more biological background of this subtype. However, this is in accordance with previous findings not reporting any differences in family history of depressive disorders (Andreasen et al., 1986; Khan et al., 2006; McGuffin, Katz, & Bebbington, 1987; Parker et al., 2000) .
Ourselves and others found no association of depression with psychotic features and melancholic subtype in comparison to non-melancholic subtypes (Melartin et al., 2004) or other subtypes of depression (Duggan, Lee, & Murray, 1991) . By contrast Parker et al. (2000) hypothesized psychotic depression to be a subtype of melancholic depression, showing most of endogeneity items and more severe psychomotor disturbances.
In summary, our results of distinct subtypes are in accordance with previous findings and overall patients with distinct melancholic subtype seem to have shorter, but more severe episodes of major depression, yet respond quite well to antidepressive treatment not restricting options to any specific agent.
| Distinct atypical subtype
Most characteristics of distinct atypical subtype in our study are in agreement with previous findings such as longest durations of episode, most often treatment resistance as reason for admission, highest rates of any pretreatment and highest rates of recurrent depression. Though results were not significant in post hoc pairwise group comparisons, these findings might reflect the more chronic nature of illness course of patients with atypical depression (Stewart, McGrath, Rabkin, & Quitkin, 1993) showing also lower proportion of patients with full remission (APA, 2000b) . Fittingly, patients with distinct atypical subtype had low rates of early improvement, longest duration of hospitalization, lowest relative change in MADRS scores and lowest GAF and SOFAS scores at discharge. Though not all results were significantly different it seems in summary that patients with distinct atypical depression have longer periods of major depression and do not respond very well to pharmacological treatment. Furthermore, we found a higher number of comorbidities using SCID-I and SCID-II interviews, though not being significantly different. In qualification, it should be stated that not all potentially co-existing comorbidities in DSM-IV are captured with these structured interviews.
More contradictory are the low MADRS baseline scores of patients with atypical depression. Though being in line with previous reports of our group investigating atypical features in primary care
patients (Henkel et al., 2004) , they seem to stand in contrast to results of the same sample exploring features of patients with atypical subtype and non-atypical subtype (Seemuller et al., 2008) and also to the results of others (Novick et al., 2005; Parker et al., 2002; Posternak & Zimmerman, 2002) . The reason for this discrepancy might lie in the fact that we compared distinct subtypes in the analysis at hand.
The same accounts for gender distribution, age and age at onset.
While some found significant differences (Akiskal & Benazzi, 2005 Robertson et al., 1996) . Thus our negative findings at least do not stand in contrast with previous results.
| Distinct anxious subtype
Differences in baseline variables of patients with distinct anxious depression were somewhat between results of distinct melancholic and distinct atypical subtypes with respect to MADRS scores and duration of current episode. The only specific finding might be higher NEO-FFI neuroticism scores. Yet results were only significant in comparison with the unspecific subgroup.
Thus the distinct anxious subtype of our study behaves different with regard to approaches comparing all patients with anxious depression versus non-anxious-depression, as some of these previous studies found anxious depressive patients to be associated with older age (Fava et al., 2004; Fava et al., 2006; Uher et al., 2011; Wiethoff et al., 2010) , later age at onset (Uher et al., 2011) , more severe depression (Fava et al., 2004; Fava et al., 2006; Uher et al., 2011; Wiethoff et al., 2010) , greater functional impairment (Fava et al., 2004; Fava et al., 2006; Joffe, Bagby, & Levitt, 1993) , chronicity (VanValkenburg, Akiskal, Puzantian, & Rosenthal, 1984) , delayed response to treatment (Clayton et al., 1991; Fava et al., 2008) , female gender (Fava et al., 2004; Fava et al., 2006) , non-single marital status (Fava et al., 2004; Fava et al., 2006) , being unemployed (Fava et al., 2004; Fava et al., 2006) , being less educated (Fava et al., 2004; Fava et al., 2006; Wiethoff et al., 2010) , being of Hispanic origin (Fava et al., 2004; Fava et al., 2006) and having more often suicidal ideation (Fava et al., 2004; Fava et al., 2006; Tollefson, Rampey, Beasley Jr, Enas, & Potvin, 1994b) .
We only found non-significant tendencies which might be considered supporting previous findings as in our sample patients of the distinct anxious subtype had highest rates of unemployment, second highest MADRS scores at baseline, highest rates of female patients compared with distinct melancholic subtype and the unspecific group and were among the oldest.
In some aspects our results are in good accordance with previous findings also investigating an inpatient sample reporting no differences in age at onset, presence of comorbid personality disorder or suicidality (Wiethoff et al., 2010) .
Regarding outcome parameters we found no differences in response and remission comparing distinct subtypes. Reports on overall responsiveness to antidepressant treatment are contradictory, as some found patients with anxious depression less likely to respond (Davidson, Meoni, Haudiquet, Cantillon, & Hackett, 2002; Wiethoff et al., 2010) while others did not (Nelson, 2010; Tollefson, Holman, Sayler, & Potvin, 1994a; Uher et al., 2011) . In our sample patients with distinct anxious subtype of depression showed lowest proportion of patients with early improvement, which fits well with previous findings of delayed response to treatment (Clayton et al., 1991; Fava et al., 2008) .
| Characteristics of subtype overlap
There are only a few reports in the literature comparing distribution of depression subtypes and their overlap. We found equal extension of overlap between anxious subtype and atypical or melancholic subtype. This is in contrast to the results of Fava et al. (2004 Fava et al. ( , 2006 finding patients with anxious depression to exhibit melancholic features more often, which seems surprising in light of the fact that patients with distinct atypical subtype in our study had highest comorbidity rates of any somatoform and stress-related disorders, including panic disorder, generalized anxiety disorder or agoraphobia (see also Seemuller et al., 2008) . Our results underline the close relationship between anxiety symptoms and atypical depression, as was also proposed by Roth, Gurney, Garside, and Kerr (1972) . Differences in respect to the results of Fava et al. (2004 Fava et al. ( , 2006 may be due to the fact that we compared primarily distinct subgroups and the sample consisted of inpatients.
| Overlap with anxious features: Worsening of treatment outcome?
Our results evoke the impression that the addition of anxious features worsen treatment outcome in patients otherwise classified as either atypical or melancholic. Proportion of early improvement significantly dropped, duration of index episode was longer, MADRS scores at baseline were higher and diagnostic subtype more often recurrent compared to the distinct subtypes. As MADRS scores at baseline were highest in patients of distinct melancholic subtype and all results were adjusted for severity of depression, this may not seem to be solely related to a higher score in several HAMDitems used to classify anxious subtype. These findings might be considered in line with previous results showing significantly lower response rates in patients with anxious and melancholic features compared to patients of mere melancholic subtype (Domschke, Deckert, Arolt, & Baune, 2010) .
With respect to overlap of anxious features with melancholic or atypical subtypes, for clinical routine we therefore suggest screening patients thoroughly for symptoms of anxiety irrespective of other subtype classification as depression severity worsens, while for research purposes patients with anxious features should rather be excluded when an attempt is being made to delineate biological causes or differences of melancholic and atypical depression using a dichotomous approach.
| The atypical-melancholic overlap: More melancholic or more atypical depression?
The last overlap group of our study consisted of patients with melancholic and atypical features irrespective of presence of anxious features due to the small sample size. This group is somewhat artificial, since according to criterion C of DSM-IV, and also of DSM-5, patients must not be diagnosed with atypical specifier in the case of diagnosis of the melancholic subtype. Still, these 21 patients (3%) fulfilled criteria of both subtype definitions when operationalized criteria sets were used, underlining the difficulties in subtype classification based on an operational approach rather than on clinical judgement. These patients exhibited especially unfavourable clinical characteristics, having significantly longer duration of current episode and highest MADRS baseline scores compared to patients with distinct melancholic subtype. Also proportion of patients with early improvement was lower compared to the distinct melancholic sub-
group, yet differences did not reach statistical significance. Based on a large (n = 1624) community sample the atypical-melancholic overlap subgroup was as high as 12.2% of all depressed patients using DSM-IV criteria with a non-hierarchal approach (Rodgers et al., 2016) .
As some clinical features of DSM-IV (as well as of DSM -5) melancholic and atypical specifier seem to contrast each other we were interested in details of combination of items leading to subtype definition (see Figure 2) . Interestingly, some patients with melancholic-atypical overlap were rated both high on HAMD item 12 or 16 (decrease in appetite or weight loss) and AMDP item 107 (increased appetite). This seems to be contradictory; however, a patient could have weight loss and increased appetite over the same time period.
Still we cannot completely rule out rating errors. Furthermore, almost none of the patients in our sample with atypical-melancholic overlap scored high on HAMD-item 8 (retardation) and this item was never combined with high scores on HAMD item 2 (feelings of guilt). According to the concepts of Parker et al. (1995) psychomotor disturbances stand at the core of melancholic depression. Thus with respect to these entire differences one could argue that patients with melancholic-atypical overlap were more likely patients with very severe atypical depression, challenging the hierarchal approach of DSM-IV and DSM-5 criteria giving melancholia priority and implying the development of better exclusion criteria for both subtypes in further revisions.
For the purpose of clarity we propose to either exclude patients fulfilling operationalized criteria for both atypical and melancholic features in studies trying to investigate biological causes of depression subtype or to closely monitor such contradictory symptom descriptions, respectively.
| How to proceed with the largest subgroup?
Lastly, it would be worthwhile discussing characteristics of the remaining patients called "unspecific" depressive in the study at hand comprising 44% of patients and constituting the largest subgroup.
Clinically these patients on average are shown as having neither best nor worst outcome. Having said this it seems necessary to try and further subdivide this large group in order to individualize treatment options and optimize outcome. Parker and colleagues extensively studied the large non-melancholic subgroup and proposed characteristics and subtypes of this most encountered comparison group (Parker, Roy, Hadzi-Pavlovic, Mitchell, & Wilhelm, 2003; Parker et al., 1998a; Parker et al., 1998b; Parker et al., 1999) . However, as Parker and colleagues based their classification on a hierarchal model, which does not include anxious or atypical subtype, this approach and all the remaining patients are barely comparable with our approach. At this stage, using operationalized criteria sets based on common concepts we cannot meaningfully subdivide this large patient group. Statistical approaches using e.g. cluster analyses might be helpful in future studies.
| Limitations
In interpreting the results of our study several limitations have to be borne in mind. The article reports post hoc-analyses of prospective collected data. The study was not designed to investigate clinical features of depression subtypes or to adjust treatment modalities for the different subtypes. Furthermore, we followed a heuristic approach and the results have to be interpreted according to the exploratory nature of the multiple comparisons. Though raters were extensively trained in all applied scales in order to reduce overall interrater variability we found some differences across sites and accordingly adjusted all tests using centre as random effect. We did not adjust for any variables, as clear confounders for any of the distinctive subtypes or their overlap are yet to be established. We still hope to contribute to the identification of such confounders in future studies.
Although overall inclusion criteria were broad we had to exclude a substantial number of patients due to missing data of one of the scales to apply subtypes of depression criteria or at least one post-baseline MADRS score reducing the total number of 1073 enrolled patients to the 833 available cases for our analyses. In addition, some individual comparisons were hampered by missing data exceeding a total of 50 data (NEO-FFI at baseline and discharge, GAF and SOFAS at discharge and treatment resistance index).
Discrepancies of baseline and outcome parameters with previous results have to be reflected in the light of different comparison groups as most studies focussed on one subtype comparing this with all remaining patients. We used operationalized criteria for subtype definition, which may lead to more subtype overlap than using clinical judgement (Rasmussen, 2007) . Numerous other criteria sets to define subtypes of depression would have been possible (Rush & Weissenburger, 1994) , including the hierarchal approach of Parker (2000) and Parker et al. (2009) . We assumed a categorical approach for atypical, melancholic and anxious depression and chose to investigate psychotic symptoms as independent dimension in all subtypes.
The uniform prevalence of 7% of patients with psychotic depression in all three distinct subtypes apart from the unspecific group supports this notion. Yet this could be criticized in light of the model proposed by Parker (2000) and Parker et al. (2009) .
All patients were hospitalized and may thus differ from outpatient populations, however, this fact facilitated the analyses of features like suicidality and psychotic symptoms. Nearly all patients were of Caucasian origin so we cannot generalize results to other ethnicities.
However, the strength of our study is clearly the broad applied inclusion criteria not excluding patients with bipolar, psychotic or catatonic depressive characteristics. Therefore, the picture drawn might be representative for inpatient samples of Caucasian origin.
Our attempt to further delineate the concepts of depression subtypes supports a more dimensional approach of subtypes. We found substantial symptom overlap of different depression subtypes using operationalized criteria. Studies trying to further ascertain biological causes of depression subtypes should therefore attempt to compare several groups, distinct and overlap groups. Simply comparing patients with melancholic versus non-melancholic or atypical versus non-atypical features will most likely not result in a clear picture due to heterogeneous comparison groups and might thus contribute to conflicting results (Rasmussen, 2007) .
Larger studies involving different symptom-based approaches in combination with biological markers seem to be necessary to further delineate any subtype patterns of depression. 
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